Introduction
Tissue repair is a natural process occurring any time the skin is injured. Repair is achieved through different successive phases: inflammation, formation of granulation tissue, formation of the extracellular matrix (ECM), and remodeling. ECM plays an important role in tissue regeneration representing the principal component of the dermal skin layer. The composition of ECM includes proteoglycans, hyaluronic acid, collagen, fibronectin and elastin. As well as providing a structural support for cells, some components of the ECM bind to growth factors, creating a reservoir of active molecules that can be rapidly mobilized following injury to stimulate cell proliferation and migration [1] .
Acute wounds, such as traumatic or surgical wounds, generally require topical treatments leading to complete scar formation within 14 days. Treatment modalities, from topical treatments administered as a support for the physiological mechanisms of scarring to surgical repair with skin grafts, are usually chosen according to: dimension, location, and severity of the lesion; exposition of visceral or skeletal structures; age of the patient; risks related to other illnesses.
Some lesions, despite careful clinical examination, good physiopathologic classification, and adequate treatment (e.g. etiologic therapy, debridement and disinfection of the lesion, ''humidification'' of the surface) do not heal but achieve only temporary clinical improvement. Chronic wounds represent a state in which healing has stagnated.
Some studies showed that in chronic wounds the hyperproliferation of the edges inhibits the apoptosis of fibroblasts and keratinocytes [2] . Anomalies of the phenotype have also been associated with fibroblasts, such as altered morphology and a slower rate of proliferation [3, 4] . Moreover, the fibroblasts obtained from chronic ulcers and cultivated in vitro have shown lesser response to exogenous application of growth factors such as platelet-derived growth factor [5, 6] . This is because of fibroblasts being senescent and not truly responsive to stimuli, which would explain why the local application of growth factors to a chronic wound will not heal it [7, 8] . In many chronic wounds, increased levels of inflammatory cells lead to elevated levels of proteases that seem to degrade the ECM components, growth factors, protein and receptors that are essential for healing [9] .
Many surgical techniques and various types of advanced dressings are used for the treatment of these ulcers, assuming that the physiologic processes of tissue repair are competent and that the lesion can heal ''spontaneously''; this occurs quite frequently, but there are ulcers, usually defined as "complex", which do not heal within an acceptable timeframe, despite a correct diagnostic and therapeutic procedure, or relapse rapidly. This may be due to concomitant systemic pathologies (e.g. diabetes, immunodeficiency, cardiac failure) and/or to the presence of local factors (e.g. oedema, arterial or venous failure, infections) that inhibit the healing process. The lack of healing of the ulcer, even for years, affects the whole circumference of the leg, often involving deep structures such as aponeuroses and tendons. In such cases, a reconstructive surgical operation using skin grafts must always be considered, though it may also be difficult or likely to fail because of the position, width, and depth of the lesion(s).
When dealing with large full-thickness wounds of the lower limbs, the use of reconstructive operations with autologous skin grafting is widespread. Epidermis with a superficial part of the dermis is harvested with a dermatome from an undamaged skin donor site and applied to the full-thickness wound. Being applied to the wound, capillaries of the split skin graft (SSG) form anastomoses or "plug in" into the existing capillary network to provide nutrients for graft survival; this is referred to as graft "take". In the case of an extensive wound, donor sites are limited and in such cases, meshing techniques can be used meaning grafted skin is uniformly perforated and stretched to cover greater areas of the wound.
Nevertheless, full-thickness skin grafts require the taking of a sample, determining the creation of a wound that is itself deep and susceptible to complications such as infections and retractions of the scar, and precludes the use of the same site for the taking of further samples [10] . For this reason, one tends to prefer partial-thickness skin grafts, which in some cases may fail to attach and tend to retract, leading to unsatisfying results. That is for the most part due to the paucity or absence of derma in the partial-thickness skin grafts, as the dermal matrix plays a fundamental role in determining the success of a skin graft [11, 12] .
In these patients a new therapeutic perspective is "regenerative surgery" with the use of tissue-engineered products. In fact recognition of the importance of the ECM in wound healing has led to the development of wound products that aim to stimulate or replace the ECM. These tissue-engineered products comprise a reconstituted or natural collagen matrix that mimics the structural and functional characteristics of native ECM [13] . When placed into the wound bed, the three-dimensional matrix provides a temporary scaffold or support into which cells can migrate and proliferate in an organized manner, leading to tissue regeneration and ultimately wound closure.
An ideal replacing skin product should principally contain these factors:
• the ECM;
• dermal fibroblasts;
• a semipermeable membrane between dermis and epidermis.
These components may act synergistically as part of a fully integrated tissue to protect the underlying tissues of a wound bed and to direct healing of the wound. Dermis containing fibroblasts could be necessary for the maintenance of the epidermal cell population.
All tissue-engineered skin substitute bioconstructs need to comply with three major requirements. They must be: safe for the patient, clinically effective, and convenient in handling and application. In general, such biomaterials must not be toxic, immunogenic or cause excessive inflammation, and should also have no or low level of transmissible disease risk. The biomaterial for skin reconstruction should be biodegradable, repairable and able to support the reconstruction of normal tissue, with physical and mechanical properties similar to those of the skin it replaces. It should provide pain relief, prevent fluid and heat loss from the wound surface and protect the wound from infection. It is also of great advantage if the skin substitute bioconstruct is cost-effective, readily available, user-friendly and with a long shelf life. No tissue-engineered skin replacement biomaterials currently available in commerce possess all the above-mentioned properties nor can any fully replace the functional and anatomical properties of the native skin. There are, however, a number of bioengineered skinreplacement products suitable for wound-healing purposes which are currently available to clinicians. In general, these tissue replacements only partially address skin functional requirements and surgeons tend to use different products to achieve specific purposes.
Tissue-engineered skin products may be either cellular, containing living cells (Table 1) , or acellular, biologically inert (Table 2) , and sourced from:
• Biological tissue: animal (e.g. equine/bovine/porcine); human (e.g. cadaveric skin); plant (e.g. containing oxidized regenerated cellulose/collagen)
• Synthetic materials
• Composite materials (containing two or more components, which may be biological or synthetic).
Different types of tissue-engineered products are available and confusion exists concerning the used terminology. Products may be classified as skin substitutes, xenografts, allografts or collagen dressings. "Skin substitutes" is an umbrella term for a group of products. Depending on individual characteristics, they may substitute or replace all or some components that compose normal skin (e.g. epidermis and/or dermis, cells and matrix). They can be bilayered, acellular or cellular, synthetic or biological and may consist of a synthetic epidermis and a collagen-based dermis to encourage formation of new tissue. In products with a synthetic epidermis, this may act as a temporary wound covering. Alternatively, these products may be described as biological dressings in that they serve as a protective wound cover. However, while most wound dressings need to be changed frequently, matrices provide a scaffold for tissue repair and therefore must remain in the wound for a sufficient length of time [23] . Engineered epidermal constructs with qualities similar to those of autologous skin have been used to facilitate repair of split-thickness wounds. Autologous cultured keratinocyte grafts have been used in humans since the 1980s. As a result there has been extensive experience with cultured epidermal grafts for the treatment of burns as well as other acute and chronic wounds [24] . Although they act as permanent wound coverage, since the host does not reject them, disadvantages include the two to three week time interval required before sufficient quantities of keratinocytes are available.
Product
Cultured keratinocyte allografts were developed to overcome the need for biopsy and cultivation to produce autologous grafts and the long lag period between epidermal harvest and graft production. Cultured epidermal cells from both cadavers and adult donors have been used for the treatment of burns. Although a previous study showed that allografts made from neonatal foreskin keratinocytes were more metabolically active than those from cadaver, a recent study has shown that such allografts are immunogenic [16] . As an alternative, a chemically modified hyaluronic membrane acting as keratinocyte delivery system was developed. In this graft cells were delivered to the injury site via a biodegradable scaffold. Keeping in mind that good skin regeneration requires an appropriate dermal layer, allografts (containing dermis) from other sources have been used for many years, although they provide only temporary coverage due to their tendency to induce acute inflammation. However, this skin can be chemically treated to remove the antigenic epidermal cellular elements and has been used alone or in combination with cultured autologous keratinocytes for closure of various chronic wounds and burns. In spite of these modifications, allogeneic grafts, Skin Graftswhen compared with autologous grafts, have been shown to promote lower percentages of re-epithelization and excessive wound contraction [17] .
Acellular matrices may be either animal-or human-derived, with all cells removed during manufacture, or they may be either synthetic or composite, if cells are naturally not present from the outset. These matrices or tissue scaffolds provide a collagen structure for tissue remodeling, while the removal of viable cells aims to minimize or prevent an inflammatory or immunogenic response [18] . A matrix may be described as a tissue scaffold in that it provides a supporting structure into which cells can migrate. However, it should be noted that a scaffold does not have to be a matrix (e.g. it does not interact with cells to the same degree as a matrix). For example, fibronectin may act as a matrix, but it is not necessarily a scaffold; similarly, polyglactin may act as a scaffold, but it is not a matrix [14] .
Given current knowledge, the ideal acellular matrix is one that most closely approximates the structure and function of the native ECM it is replacing.
An acellular composite skin graft containing bovine collagen and chondroitin-6-sulfate with an outer silicone covering was developed in the 1980s. After placement on the wound, the acellular dermal component recruits the host dermal fibroblasts while undergoing simultaneous degradation. About two or three weeks later, the silicone sheet is removed and covered with an autograft. This composite graft has been used successfully to treat burns [19] . However, these constructs cannot be used in patients who are allergic to bovine products.
Another type of dermal substitute consists of an inner nylon mesh in which human fibroblasts are embedded, together with an outer silicone layer. After an appropriate time, fibroblasts are laid in the final product by freeze-thawing. Prior to that time, fibroblasts produce autologous collagen, matrix proteins and cytokines, all of which promote wound healing by the host. This product has been used successfully as temporary wound coverage after excision of burn wounds, until the appearance of the modified product on the market. The new graft contains a biodegradable polyglactin mesh, in which fibroblasts retain viability, instead of the nylon mesh. The use of this dermal substitute has had limited success in the treatment of diabetic foot ulcers, owing largely to its inability to form stable adhesions with the final epidermal graft [20] .
Full-thickness wounds involve the loss of both the epidermal and dermal layers of the skin. To treat such extensive wounds, a two-layer skin composite was developed consisting of a collagen sponge containing dermal fibroblasts covered with epidermal cells. A subsequent amendment containing type I bovine collagen and live allogeneic human skin fibroblasts and keratinocytes has been developed. It has been used successfully in surgical wounds and venous ulcers [21] . In a multicenter trial, this product produced accelerated healing of chronic non-healing venous stasis ulcers when compared to standard compressive therapy [22] .
Several other composite skin substitutes combining dermal and epidermal elements have been developed. Composite cultured skin composed of an overlay of stratified neonatal keratinocytes on fibroblasts embedded in distinct layers of bovine type I collagen is currently being evaluated in clinical trials for the treatment of burns.
Currently the acellular matrix products differ mainly in the source of cells and tissue materials and methods used during manufacture. A variety of animal-and human-derived products are available (Table 2) , as in the reference [14] .
Products derived from animal sources (xenografts) are developed by harvesting living tissue (e.g. dermis, small intestine submucosa, pericardium, etc) from various donor animals (e.g. porcine, equine or bovine) at different stages of development. The tissue materials are subsequently processed to remove the cells (decellularization), leaving the collagen matrix.
Products derived from animal sources may either consist of the tissue scaffold only (e.g. Unite® BioMatrix Collagen Wound Dressing, Synovis) or may be combined with synthetic materials to create a composite product (e.g. INTEGRA® Bilayer Matrix Wound Dressing, Integra LifeSciences).
Products derived from human sources, i.e. donated human cadaver skin allografts, undergo various processes to remove the cells and deactivate or destroy pathogens (e.g. AlloDerm®, Lifecell; GraftJacket®, Wright Medical).
The mechanisms by which acellular matrices promote wound healing remain to be elucidated and there is ample scope for further research. It is known from the literature that chronic or hard-to-heal wounds are characterized by a disrupted or damaged ECM that cannot support wound healing. Treatment strategies that are designed to replace the absent or dysfunctional ECM may be beneficial [9] . As a result, there is renewed interest in collagen-based advanced wound care products.
In chronic wounds, there is an excess of MMPs and reduced growth factor activity. Together these result in the degradation of the ECM. For wound healing to occur the balance between protease and growth factor activity needs to be adjusted [9] . Research has demonstrated that topically applied collagen-based products can initiate wound healing by binding to and inactivating harmful proteases, while encouraging angiogenesis and formation of granulation tissue [23] .
Current information about the mode of action of acellular matrices is largely based on preclinical data, mainly from research focusing on a porcine-derived small intestinal submucosa (SIS) wound matrix. These data show that matrices may:
• Act as a scaffold to support cell ingrowth and granulation tissue formation [24] • Have receptors that permit fibroblasts to attach to the scaffold [25] • Stimulate angiogenesis [26] • Act as a chemoattractant for endothelial cells1 [27] • Contain/protect growth factors1 [28] .
When used as an implant, the acellular matrix appears to be fully incorporated into the wound. However, when used in a chronic wound, the matrix is eventually displaced and is not fully incorporated. As such, the role of acellular matrices in chronic wounds is not fully understood. It has been suggested that they act as a biological cover that modulates the wound environment to promote normal wound healing.
In the references [29, 30] the Authors suggested the mode of action of collagen-based acellular matrix products:
• Chronic wounds contain high levels of MMPs which can:
• Degrade the ECM and growth factors
• Increase inflammatory response
• Reduce cell responsiveness in the wound
• Delay wound healing
• An acellular matrix that closely resembles native ECM may act as a scaffold for:
• MMPs to bind to and break down collagen in the product
• Epithelial cells, fibroblasts and vascular endothelial cells to migrate into and proliferate
• Reduced levels of MMPs to be released back into wound as collagen matrix breaks down, rebalancing protease and growth factor levels in the wound
• Enhanced wound healing environment, where matrix has been replaced by new collagen with remodeling of ECM.
Acellular matrices should be considered in wounds that are unresponsive to traditional wound management modalities or present as a complex surgical wound. Factors to consider will be dependent on the wound type, underlying etiology, patient suitability and treatment goal. In a non-healing chronic wound (e.g. diabetic foot ulcer), for example, an acellular matrix may be selected to replace the damaged ECM, fill the defect and optimize the wound environment for healing.
In the reference [14] the Authors have proposed an algorithm for application of acellular matrices in a chronic wound, as reported in Table 3 . Previous studies have shown that reduction in the area of the chronic wound during the first four weeks of treatment is a predictor of complete healing at 12 weeks [31] . If no improvement is seen at this time, there should be further evaluation of the patient and current treatment strategy.
Our own experience in the treatment of complex leg ulcers is prevalently related to the use of a dermal matrix that stimulates the production of endogenous collagen, determining the constitution of a functional dermis (Integra Dermal Regeneration Template). It is a ''semibiological implant'' consisting of a two-layered membrane. The thin external pellicle, in silicone, allows for the immediate closure of the wound, controlling the loss of fluids and proteins, providing it with mechanical and antibacterial protection [32] . The internal layer consists of a porous matrix composed of type 1 collagen from bovine tendons and from glycosaminoglycan (chondroitin-6-sulfate) that produces a histoinductive and histoconductive action on the mesenchyme, leading to the formation of normal derma. The collagen represents only its structural base, whereas the chondroitin (8% of its weight) confers its principal properties on the matrix. The glycosaminoglycans, such as hyaluronan, dermatan, and keratan, are important in the constitution of the ECM and in the regulation of the cellular devel-opment and differentiation. They are predominant in the embryonic tissue and accumulate in fetal wounds, which repair through regeneration without inflammation or scarring in fibrosis [33, 34] . The chondroitin, moreover, masks the sites of binding on the collagen, preempting platelet adhesion and the consequent inflammation [35] . 
Assessment of patient and wound to establish diagnosis and suitability

Continue to observe
Re-epithelization and wound healing Table 3 . Algorithm for application of acellular matrices in a chronic wound [14] When the Integra is applied to a lesion, the inflammation stops because the matrix not only seems to be invisible to the platelets and inflammatory leucocytes, but also seems to be recSkin Graftsognized as self. One does not find microscopic inflammatory infiltrates or clinical signs of inflammation. Pain is often absent after the application of Integra, and perilesional erythema and oedema disappear quickly. The hypotheses that explain the phenomenon can be summarized as follows. The lack of adhesion of the platelet anticipates the acute inflammation, and the artificial dermis confines the lesion, eliminating local exposition, desiccation, bioburden, and similar secondary damage. The chondroitin matrix is sufficiently similar to normal tissue such that the leukocytes and lymphocytes cross the matrix without recognizing any abnormality and without thus producing any defensive reaction [36] . In summary, when the dermal matrix is imposed on a skin lesion, all of the factors that cause damage are stopped, and from a functional perspective, regeneration is the only available response.
Four distinct phases of regeneration of the dermis were recognized in the period of attachment of the dermal matrix (imbibition, migration of the fibroblasts, new vascularization, and maturation with remodeling) without the presence of nerve endings or elastic fibers. The new collagen is therefore indistinguishable from the normal collagen of the dermis [37] .
Compared with the healing obtained with autotransplantation of skin, that achieved using grafting with Integra are also found to be clinically better and comparable with normal skin [38] .
Brought into clinical use in 1981, Integra was first used for the treatment of burns, predominantly those that were deep and covering a large area [39] [40] [41] . Subsequently, its use was extended to reconstructive surgery on strongly retracted scars [42] . It was found to be particularly useful in covering deep structures such as periosteum and tendons.
Before the application of Integra, the wounds are to be cleaned and disinfected with antibiotic drugs and advanced dressings during periodic close examinations. Once surgery is planned, the choice of local or epidural anesthesia is based on the number and dimensions of the ulcers treated. First, surgical debridement of the lesion(s) is performed aiming to reduce the bacterial ratio, level the deep surface of the ulcer, and regulate its edges: we perform surgical cleansing and the preparation of the margins of the ulcers with a hydrosurgery system. To facilitate and improve modeling and attachment of the dermal matrix, its margins are modeled with scissors to fit perfectly and fixed to the skin with metal clips or topical skin adhesive. Petroleum jelly dressing and compressed multilayer bandages are applied on the wound. Postoperative treatment consists of antibiotic and analgesic drugs; analgesic therapy is provided according to the level of patient pain.
The first postoperative medication is administered after 8 days, the metallic clips (if present) are removed, and the antibiotic therapy suspended. Usually at the first follow-up a notable reduction of moisture and surrounding oedema is ascertained. The patients are then treated in the outpatient clinic with silver dressings every 5 to 7 days, based on the degree of moisture.
After 21 days, the attachment of the artificial dermis is tested. Usually the dermal matrix is completely integrated with the guest tissue, having formed a new homogeneous and living derma. The next skin-graft operation is planned and the patient is readmitted for surgery. The epidermis (0.15-0.25 mm thick) is extracted with dermatome from the front part of the thigh, treated with mesh graft, and fixed on the lesion with metal clips. The wounds are cov-ered again with petroleum jelly gauze and compressive bandages, and the previous antibiotic therapy is recommenced. After 8 days, the first follow-up is planned for the removal of the clips and the first test of the attachment of the graft. This is covered again with silver medications, and antibiotics are stopped. Further checks are planned weekly until the ulcer is completely healed. After that, a monthly follow-up is planned.
We performed a prospective observational study from April 2005 to June 2011 enrolling patients with leg ulcers that were not healing for at least 1 year. The ulcers were at least 100 cm 2 in area (in the case of multiple ulcers of the same limb, the overall surface area was taken into account) and at least 3 mm deep over at least 50% of the surface area. Patients who had an obstructive arterial disease were excluded from the study. The dimensions and depth of the ulcers were measured using the Visitrak digital apparatus (Smith & Nephew Medical Limited, Hull, UK). For all patients, there was a preliminary culture on the biopsy of the lesion. All patients' wounds were cleaned and disinfected with antibiotic drugs and advanced dressings during periodic close examinations at the outpatient clinic of the operating Unit.
Once surgery was planned, the patients were informed about the procedure and gave their written consent. The choice of anaesthetic (local or epidural) was based on the number and dimensions of the ulcers to be treated. First, surgical debridement of the lesion(s) was performed aiming to reduce the level of bacteria, level the deep surface of the ulcer, and establish the periphery of the dermal matrix to facilitate and improve its modeling and attachment. The matrix was modeled with scissors to fit perfectly and was applied by fixing the edges of the matrix to the skin with metal clips or topical skin adhesive (2-octil-cyanoacrylate, Dermabond, Ethicon Inc., Somerville, NJ). The medication was applied with petroleum jelly gauze and compressed multilayer bandage. Postoperative treatment consisted of antibiotic and analgesic drugs. Analgesic therapy was provided according to the level of pain that the patient reported. The same nurse evaluated pain using a 10 cm visual analogical scale (VAS) from 0 (no pain) to 10 (maximum pain) before the operation and on postoperative day third, eighth, and fifteenth. The first postoperative medication was administered after 8 days, the metallic clips (if present) were removed and the antibiotic therapy suspended. The patients were then treated in the outpatient clinic with silver dressings every 5 to 7 days, based on the degree of the exudates. After 21 days, the attachment of the artificial dermis was tested, and in positive cases, the patient was readmitted for the surgical application of a "thin" skin graft. The epidermis (0.15-0.25 mm thick) was extracted with dermatome from the front part of the thigh, treated with mesh graft, and fixed on the lesion with metal clips. The lesions were covered again with petroleum jelly gauze and compressive bandages, and the previous antibiotic therapy was recommenced. After 8 days, the first follow-up was planned for the removal of the clips and the first test of the attachment of the graft. This was covered again with the silver medication, and antibiotic therapy was stopped. Further checks were planned weekly until the ulcer was completely healed. After that, a monthly follow-up was planned. Independent experts photographically documented all of the treatment phases in all cases.
Three-hundred eighty-three consecutive patients were admitted to the study: 109 were male (28.45%) and 274 were female (71.54%). The median age was 64 (range 37-90) years. The ulcers were classified according to their etiology: 135 were lymphovenous (35.24%) (Figures  1-6 ), 87 venous (22.71%), 69 due to vasculitis (18.01%), 38 cancerous (9.92%), 29 posttraumatic (7.57%), 18 neuropathic (4.69%) (Figures 7-11 ), three were due to chemotherapy (0.78%) one was the consequence of laser therapy (0.26%), and one was the consequence of surgery (0.26%). In 117 patients (30.05%), the ulcers were located on both legs and were treated contemporaneously with an identical technique, for a total of 646 limbs treated. All of the ulcers were infected and required targeted antibiotic therapy. The germs identified were Staphylococcus aureus (50.0%), Pseudomonas aeruginosa (50.0%) Enterobacter cloacae (15.4%), S. epidermis (15.4%), Proteus mirabilis (7.6%), and Streptococcus Beta-Haemoliticus (7.6%). Sometimes more than one type of germ was found in the same patient. At the preoperative evaluation, all of the patients complained of continuous and intense pain, ranging from a minimum of 6 to a maximum of 10 (average 7.8) on the VAS scale. In 169 patients (44.1%) who had good cleansing of the ulcer, the Integra was applied using a local anaesthetic, fixing it to the skin with the Dermabond after debridement of brushing and washing with a physiological solution. For the other 214 patients (55.8%), 133 (58.8%) of whom had bilateral lesions and 71 (41.2%) exposed aponeuroses or tendons, the operation was performed using an epidural anaesthetic. In all of these cases, the surgical cleansing and the preparation of the margins of the ulcers were performed using a hydro-surgery system, and the Integra was attached with metal clips. At the follow-up on the third day after surgery, all patients reported a substantial reduction in local pain (median VAS 3.8, range 1-6) which allowed 88 (23.1%) patients to suspend the analgesic therapy. At the follow-up on the eighth day, there was a further reduction in the level of pain (median VAS 2.8, range [1] [2] [3] [4] . By the third check on the 15th day, the pain reported had reduced further (median VAS 1.7, range 0-3) and all of the patients were able to stop the analgesic therapy. In all patients, at the first follow-up, a notable reduction in the exudate and the perilesional oedema was ascertained. After 2 weeks the progressive substitution of granulation tissue with new yellow or gold derma became evident through the layer of silicone. Only in 50 cases (7.7%) was it necessary to partially remove the layer of silicone because some areas showed abundant yellowish exudates under the lamina. The neodermis, remaining thus uncovered and without protection, was covered with hydrofibrous and silver dressings, although that did not prevent, even in these patients, the complete formation of the neodermis.
At the check on the 21st day, in all cases, the dermal matrix was completely integrated with the guest tissue, having formed a new homogeneous and living derma, and the next skingraft operation was planned.
In 339 patients (88.5%) the attachment of the skin graft was complete, whereas in 44 patients (11.5%) it was partial but nevertheless larger than 70% of the surface, but, even in these cases, complete healing of the lesion was achieved within 4 weeks at the most. The definitive result was therefore the complete healing of all of the lesions. All of the patients were examined in follow-up visits for a minimum of 3 months; none suffered from an ulcerous recurrence.
According to our experience, in all of the patients suffering from deep and wide leg ulcers, the use of Integra dermal matrix allowed for the complete refilling of the loss of tissue, with covering of the uncovered anatomical structures such as tendons and aponeuroses, fast and occasionally immediate disappearance of pain in almost all cases, and rapid regeneration of a permanent dermis. The quality, flexibility, and elasticity of the neodermis confirmed the difference from the scar tissue and its similarity to the normal dermis, resulting in better mechanical resistance of the neodermis and fewer tendencies toward hypertrophy of the scar.
This therefore allows the application of a thin epidermal skin graft that requires a secure and faster attachment than a total-or partial-thickness skin graft but also consistent improvement in terms of functional and aesthetic results.
Future directions and research lines in chronic wounds treatment will have to deal with several issues. Concerning tissue-engineered products for skin substitution, these have been associated with improved survival rate and quality of life in patients with extensive burns [43] . However, despite promising results have been reported in clinical trial with products based on autologous cultured keratinocytes and fibroblasts [44] , actually these can only serve as a bridge to autografting rather than being suitable for fully replace damaged skin [43, 45] .
Tissue-engineered tissues cannot replace all skin functions. Protective barrier function is preserved, but touch and temperature sensation, perspiration, thermoregulation, protection from ultraviolet rays, and synthetic function are not restored [43, 45] , though several studies have investigated the possibility of re-establishing other skin functions with the combination of different cell types [46] [47] [48] . Skin-substitute products may be extracted from bone marrow cells [49] , and the addition of skin appendages [50] or signaling molecules regulating cell-cell and cell-matrix interactions [51] has been studied to further functionalize bioconstructs.
Aesthetic results remain controversial. Issues of cosmesis and quality of life as well as functionality are nowadays to be considered altogether when dealing with skin-restoration treatment. Human skin does not regenerate postnatally; postnatal healing consists of repair rather than regeneration. Skin replacement products obtained from postnatal cellular materials are unlikely to obtain a true regeneration, and scarring is almost always the final consequence of the process [52, 53] . As a matter of fact, skin repair results in scars formation. Uncontrolled scarring may cause possible loss of function where excessive tissue production and contraction occur, apart of poor aesthetic results. Hence, prevention of scar is a problem to be addressed after restoration of the damaged skin. Improved understanding of foetal wound healing has led to therapeutic measures directed at scar-free healing, mainly based on the principle that scarless healing is facilitated by a decreased inflammatory response [45, 52] . It has been observed that during foetal life growth factors TGF-β1 and TGF-β2 are low or absent while TGF-β3 is higher; conversely, in adult individuals the latter is insignificant and TGF-β1 and -β2 are predominantly expressed during the inflammation phase of wound healing [54] . A complex interplay of these isoforms is crucial for optimal healing results, as studies on pig and human succeeded in reducing scarring by selectively increasing TGF-β3 and inhibiting TGF-β1 and -β2 levels, whilst neutralization of all three isoforms did not result in reduced scarring [54, 55] .
The role of stem cells has also been investigated. Both embryonic and adult stem cells have been used in several trials, but research on the former still is delayed by ethical debate. Adult stem cells are being used widely in different research fields. However, results are not as brilliant as expected, due to the impossibility of identifying a stem cell within human skin tissue without ambiguity [50, 56, 57] and also to unsuitable biochemical and mechanical conditions in a wound which may limit plasticity and proliferative activity of implanted stem cells [57] . Nevertheless, experimental studies conducted on murine models [50, 58, 59] suggest that research on stem cells should be encouraged as it may achieve production of fully functional true skin equivalents should pattern of cell differentiation be identified in human.
